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e PROFERTIES AND CHARACTERISTICS e
W ALTMINTE EIPLOSIVES

- {Felloving is the irenslation of an article entl tja&
¥Svoyslva i anPnhﬁ ?vumjniWCJylh Vﬁ;[CbEt]Kﬂ veshches byl
{English version abave), v Candidate of the Physicomathematical
Seisnces S. B, Retner in gp“gig Zhurnal {Mining Journal}, Vol. 121,

Ho. 5, Moscow, 1947, pp 21=25.%

As regerds the amonnt of ox 1ﬁatson snergy per un"+ of weight,
aluminun ocouvies one of the first positions among the elements.

The coxbugtion of alumimum produces AlpsOq. The epergy of formation
for thls oxide (1r0u.mcﬁaLllc aluminue and molecular oxygen in

the gaseous state) is squal to 390 kilo-calories/mole, or 7.2 kilow
calories per gram of aluninmm, Until wery receully it was thought
that in an explosion, aluminum oxide was produced in sclid form.

tot long apo, however, the possibility of its evaperation has been
indicated (1), 7This requires the expenditure of about 120 kilo~
calories/uole, which decreases by one-third the energy of combustion
of alamlnum. The bGiLlﬂg peint of AlsQ, under the conditions of

e detondbion wave reaches roughly 500007 Ca‘aeauemtly, an apgrecisble
porticn of the aluminon oxide can evaporate in an explosion, and this
will alter considerably the explosive properties of a mixture.

The most iwupor ‘,a, it class of aluninum explosives is the snmonsl
group. Let ug exanmine the simplest case, in wd¢ch the mixture cone
gists of 81.5% somonium nitrate and 12.5% aluminum {in practice one
should ewvlo7- 80/20 armonal, since crushed almuinum containg as
aeh as 10% 1ufctva 1mn@+ities} mainly aluwminun oxide). Such &
prowort:uﬂ of ingredients insures a null oxypgen balance according to
the reaction: -

i

260 + 3WENOy  Alp03 4 GHO 4 3Hp + Q

In the cese where solid slunminum oxide is formed, the
Jf?plasive energy (9) is egual to 1680 kilo-calories/kilogram; with .
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Coxygen in the ammoniunm nitrste yield a gresier
Ty B »i‘c}:inwy compounde without aiwmnm. This
totive index ia e:apfar*ml y important (it is cver 500 enm %
1 L
ah

avan a pard nf the aluninum necessary to
vind iy
fugan
guant’
for the

double mixture of 80/20 amronsl, the mdl oxygsn balance
/ $ "

of which is wholly assured by its alomimum content.

Sueh figurss for the T gacity are attainable with a few of
the powarivl crmymmd w for exsmple, nitroglycerine and hexogen,
whose decomposibion energy is closs “so 1500 mloe-oalm*wu/m}ogr*—m,
If one uax; 1S iz‘;'tc) congideration that the maximun energy of 80/20
ammonal is grester than 1500 kilo-calordes/kilogram, then the
fugacity ezw"f* st of this mixiure is not so surprising. Its brisance

efieot, h@wevar, which differs 1ittls from that of vubstaqce‘having

gal s wuGh energy, seems unexpected from the standpeint of

-7 considerations. '

‘ isance and fugacity of explosives cannot both be
deternined by the temperature of the blast. The fugscity effect is
a consequence of the prolonged action in an explosion (for exanple,

" the formation of a funnel in the test bloek, as in Trauzlls mazhod),

‘L,:n this, the energy of the blast is ubilized to the fullest possible
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[extent., The brisancs effect, on the other hand,
over & var,r gmall period of time lun the ex;;..ms ,.m?:
the fragn z’zd cowpression withi

¥ ani 0 ux}ﬁi’“iﬁ:}

=l

g azv impor *an; 1m¢lu&hna
% b c,a o 3'~w.<,:~t},},r,‘ the brisance of an explosive does
‘mt CUPTEs O‘fx‘ to dts fugseity.

F‘cw the armonsls; sueh a Qivergence hed slready been
irdicated in the well-known work of Kast (3}, who writes: "The
brisance of amsonal canncht ve covpared to that of such powseiul
aromatic nitro compounds as p*er:‘m acid and triy

kg &

LI b(’.‘ nene ., I'ffz"*
fugacity eff e:c,u;, howevar, in a blesk of moderate hardness snd with
tight packing is considerably greater h:a n for the above ment
gar*umq:adm* {pape 344) '
‘ It csn be seen Jmm Teble I that the dispa ""L‘LJ bet y-mcmu»
fugaeity and brisascs has bos on observed Tor $0/20 amwonal.
ea.q«k w thjs, it is necessary & to find the link in the proc
at which there is & gradusl release of heat. In going aboul this,
L pmnmt::l.;b_za ma‘h he indicated: 1} The exm; mtwm and
congeqnent condengation of the aluminun oxid
e peaction of metallic aluminum; in
deoreased smounts of gases in the alws im*r»»
;‘ POTLanse. :
Ratner and Khariton (1) hold the view thet if sulTiclently
ik nf,wl, aluninun axidizes practicelly und '13 the expansion off
o explozive profucts. Howsver, the spesd of detornation o
is unsffecsted hy thabd part of the energy whic}.:\ iz conteined in tf‘sa
merous alumdnme oxide in the form of hest of sublinatlon. Bub
cYN r'vn.}i du"*wv the prosess of expanslon, the teupe 'am;«vw* Arops

i

i

- ¥
the eluninum oxide solidifies., This is asccompanied b releans
of m«z heat mi sordangation and Ingresses the fupssity ain

5 T

it mEsists in the maluntenance of the teuperature and

the other gasetus conmuonsnis (Hg_{} s Hp end oth rt}t) . Thersiors
addition of slwmdmum, which leads ,
L foﬁ‘:u, can yzw_ 1t only in a 1(.” za nOu,Lcw able (freq
fleant) ineresge in the speed of datoustion, and
LSANGE .

ot
L
i

L

The secomd p ;;sﬁb 1ity is gquite concelivable, since aot
all of the a__wnin‘zx particles sdded to an explosive wrs egually
fine, In this context, we should pention the extrere wisw taken

by Kast (3), according %o which the oxidation of all the sluminum
is & secondary proczss cccurring during the expansion of the
produots of the explosion, Mursour alsc holds that in. J'ﬂcm.wjves
of the amnonal byps, the alumirim has its effect only ofter the
‘L;:-sa.asi ng of the detonahwn wvave, and that the heat relessed in the
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only later in the expanding products of the exploslion. ""i
This is the main reason produsing the disperily betwsen ‘
G ',:e:it;,:f effeats of ;“a',;eruz“ "»Lummu: X )msfvmsg
o the f,lu.h ta pressn :’Sh

S8 BITEONA&LS

FT e

o Gageg dn Which T4 Ts Useful to Eeplov sn Adeixzture
gf Abamimm

The employment of an adwixture of
fleotive when tncw- fu.gacit“
aga of the lowsane
feot. )
In sctuality, the temperatures reachsd ln the explosion of
lowecaloris shuminum explosives are insufficlent to vaporize the
aluminun oxide. The latter forms In the solid stats, releasing
the energy of condeuvsation at the wave-front. There must be no
disparity between the brisance and fugeoity for these mixtures.
But just where is the bﬁrci&rllm batween these two groups
er'@lmc:ivms? ks long asg the exact culculastion of either the
of the aluminum oxide in the w:i@'brmed;irm, or the
e explosion m impogaible, this guestion vust be
e ex‘,gzhr;csﬂ?y. L@' ug lock &t son xf'"“‘ exsuples.
In Teble 2 pre given the experimental figures for the
brisance and fuge of the slmplest swmonels snd amatols containing
verying guantit strmﬂmn ory rwmspm;dmmy s brotyl. It is
interesting to compare these data with the corresponding f..ngzms
for bhe explosive energy, given in the same table.
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carxaLth*“ itiss in rxuzllz bum;9 and t}ﬁix effectliy en6as
in the Dmrwmhﬁi@} which are observed fnr the aonmonsls fsee note g

of Bikhel' 72/22.5/4.5 {orowvm ”%&A) COMDATL & 0T
pording Dynzmmon. Ammmhm&ﬁQmem ﬁﬂﬁ%% mﬁ*J }
the fugs of this sixture in Trauzlis homb is 60F gr@%ﬁ@r than
that of unﬂi Dynameon.  The authors make this comment: "It turned
out in pr»cth:, howwvwvg that the ¢ ﬂditis¢ of 'JUhdlﬂﬁQ rroduces
)11v o small inerease in vsaful work! (page 436}; they also

"
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neorrect explanation for thils discrepancy. There ig noﬁﬂn,
pzszir" about the latter e¢ffect, since the process of crushing
g b [ 3 3 Mir b v, o o e
vithin the bors-hole must be cnunant*d mzinly with the brisance and

s the fugeelty. Furthermore, we heve iun mind thﬁ actlon .
h;u.@ulvef ir. & hard wedivm. As far as extraction work is concerned,
is tisd up wmalnly with the fugselty. Our considerations are in

&9>,~t with the words of EKast elted mbﬁ?ﬁ, which suamk of Y&
i AN t~w~ﬁ dehlrg
{Hotas anca:nrtu we shall desigrate the pewucﬁﬁapm oupoesition of
the ambionals by gi vwng ”7r"t the percentags of aLﬁClﬂﬁhAﬁjtT&b 2y
secondly the percentage of alum , and f&iaiiy thet of an additional
component,  The nane of the latler la glven in parentheses, il it
is wneleasr Fron the text.) , '
iz perfectly comprehensible that the fugacity of Bikhel's
g much graater than for the eorrespandlng Dynamwony bub
snee, which produces the shattering effect, caonot show a

s Sirnce the alumimun oxide will GVL,aAniy gvgporate
ave front in the explosion of 2 powerful ammonal,
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?w' Of a totelly differest cheracter was the alunatol concocted -1
in‘ﬂrplanﬁ which eonteined only 3% aluminue (and 17% trinitroto-
ne P had a MLl ﬁhyﬁéﬂ-bplﬁﬁ 2, Close to this mixture are
£ {Tahle 3} n;fu‘ im GOST  Gosudarstvennyy
Glog 7 overnment Stardard of the
USSR o aﬁ in civiliar 111@5";3"3',
. - TABLE 3, Composition of ammonals sstablished by GOST No, 41”7 —_
7 Content
. Ingrediente ’
. = |
. mmonivn nitrate 82 g2 &6 86 81 g1
Aluminum & 6 5 5 & 6
Trinitrotolusns : 1z - s entns 10 -
Lyivl s 12 - 9 - 10
Jood meal P - - —n 1 1
Rosin ‘ e o — o 2 2

The first two rixbures have an almost null oxygen balsnoe;
3 and 4 have a positive oxygen bolance; 5 and 6 have a vegabtive
oxygen balsnce.

hage of Deteration, The “Wxancw of Slasdinun Disversion

[

e evaluvation of the possible effectivencss of nixtures
devends not o© HLY on the ereregy and volmie of the released prodaawa
of ihe em;LJz Reliell veeg, on the chemleal coaposition of the mixiture,
ut also on the %hy deal structure of the charge (dlameter, tighte
ress of packing, fituess of granulatinn). The Tafu sr Factors .
strongly affect the ease of detonat! on, i.e., on the eynlogi
onpebility and stability.

On the quesition of the 1nf¢UuﬁCG of aluminmum on the eszs
of detonation, the opinicn prevails which had alveady been stated by
reveky {7} WIits addition heightens the detonation capabil
Y 198, In addition to Lnl“, sone avthors have based prachi cal-
. conclusions on this pow&1lon~ Thus, for exanple, ascording to

uunﬂn, Byurlo, and Lekorshe {5), "the esge of detonation incresses
f aluwniom is prco@n+ ~= an interesting property from the stend-
powut of poasibly improving e plcsxv°s“ (page 436). Tre suthors
bhase this conclusion on the results of the work eczrried cut by the
Freuch Commission on Explosives {in 1903), but they do not eite the
relevant facis.

Lo | | | ,,s

i..h




¥ ceas et ) . i,
i the experimentel facts (Table 4) definitely |
sl c’ioei“ not dn itsell Inprove
: wn for the ammonive niiratle

rotolos

Y 1
a0 Lu [oRR-%

S
more

4 i
f 1
& Brdzan
’ 5 e e G
#Y iJizf'
. {
£4 )
a3 . y
. - g
. ] -
& o 44,0 1:3 1.8
b
&g
g o el r
R G 53 3
b é? , oy
> Fe =y B
g4 £ 3
£ e & e
wogl L
1 g0 20 - s 50 16 15 15
o 5
Ao 1 & 3 <
7y ) . s " s
2 . A0 s 10 50 - 22 23
' 150 o 24 21
] [n e b ’ 5t ) 'y L)
3 Y 30 10 - 0 14 22 240
150 21 21 1z
{
]
P Bl e . — vy % . 3 By
woof 1,;ma Llon determined by
"‘fi‘:zf: m GOt
!
parise atarted,
s If the
s Iy 4
O BE anore R
. Trnee weeeding
Iun nl um, 1
Bl
-~ 2 i E;
In opder Thie
siarbe BHECH 1:3; 1 crp i &
‘. .

; xﬁp vonator |
It f*sm be sesn i’:{“’c}‘fﬂ.
nitrotoeluene heve the

gno t containing L*ﬂz.n,,.t"r

Afacn

ore

able /x. that when a umlnom ard ,
”'p@ rEie %11,; the brisance of the-, Mfumn@,}

e {No 1) is werss than that of the

o]

hd 31 Lol




2

» -

WX

mlytv”e containing the
of the &iﬂmlnum‘( z

iyl Ao
0y ’337? A

initrotoluvna in pla"e !
£

e 0
(DI B

carmot be iiVO?G%ﬂ Irom A
ingredients in the explosive ﬁ:xuuwc, sinma
* 4

ot . & s E
riines the react NG, Inoressing
)

mwo Tuees o mnora etabl 3

the detonation dosg nol
uniforn deb)ﬂm+

o
-3
3
: g
s

@ 0

Yond y..:.

Alaaigg part

{m;ztv“e No
"“’f;h

num, however, adversely

an effect bas been observed
and has been named Rhypere
»n’: ior, a 1awgp guentity of
of the combustible ub tanee slmost com mlete7w

Iy

=
“"‘!

[&

s e

"n

'itrah& and retards its decouposi tJOﬁq without which
ne 1 cannot proc seed,  Anslogous considerstions have been

put forth b v Kw»n (3}, in his investi

The phenoserncn of hyperpul g 7

usnte 11 i

gation of aluminunm explosives.
P
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M

pulver
v observed in a geriss of projecis carried out at the Institule
sios ? Chendst 1943-1945). For example, it has been estabe
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